The rotational spectrum o f N-m ethylpyrrole has been measured with pulsed nozzle Fourier transform m icrowave spectrometers betw een 6 and 38 G H z. The quadrupole hyperfine structure due to 14N has been reanalyzed in the A (m = 0 ) state o f the methyl internal rotation. Improved rotational constants, centrifugal distortion constants, and quadrupole coupling constants have been sim ultaneously determ ined from the measured transition frequencies in an iterative least-squares fit.
Introduction
The rotational spectrum of N-m ethylpyrrole (C4 H4NCH3) was investigated some tim e ago by Arnold et al. [ 1 ] using conventional Stark spectroscopy. The spectrum showed typical effects o f the internal rota tion of the methyl group hindered by a small sixfold barrier. Each rotational transition was further split by the nuclear quadrupole interaction due to 14N. The analysis of the measured rotational transitions yielded rotational constants, quadrupole coupling constants, and internal rotation parameters [ 1] .
Recently, the rotational spectrum o f the N-methylpyrrole-argon complex has been studied in Zürich [2] . When the quadrupole coupling constants o f Nmethylpyrrole given in [ 1] were transform ed to the principal axis system o f the complex, it was noticed that their values disagreed substantially from those obtained in the analysis of the complex. The for mer values also deviated largely from the quadrupole coupling constants o f pyrrole [3] . A check o f the quadrupole splitting patterns for a few rotational tran sitions in the A (m = 0) internal rotation state using a pulsed nozzle Fourier transform microwave (FTM W ) spectrometer revealed that the quadrupole coupling constants needed a revision.
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The results of a reinvestigation of the rotational spectrum for N-methylpyrrole are presented here. The measurements were performed in the laboratories of Zürich and Kiel using pulsed nozzle FTM W spec trometers. A comparison of measured transition fre quencies from both laboratories provide an estimate of the accessible accuracy. It should be pointed out again that the determination of the frequencies in a narrow multiplet must be handled with care [4] [5] [6] .
Experim ental
N -methylpyrrole (Aldrich) was used as received without further purification or distilled once. A de tailed description of the pulsed nozzle FTM W spec trometers with a design similar to that of Balle and Flygare [7] was given elsewhere [8] [9] [10] [11] [12] .
In Zürich, all measurements were performed by expanding a gas mixture of 0.5% N-methylpyrrole in argon at a backing pressure of 100 kPa through a noz zle o f 0.5 mm diameter perpendicular to the cavity axis. The molecules were polarized with microwave pulses of 1 /is duration and a power of 0.4 mW. Two to four microwave pulses were applied to a sin gle gas pulse. The polarization decays were sampled with a 12-bit analog-to-digital converter for 512 or 1024 channels. Adequate signal-to-noise ratios were obtained by adding the polarization decays from 50 gas pulses for the stronger transitions and for up to 1000 gas pulses for the weakest transitions. The cen ter frequencies of the quadrupole com ponents were determined by fits in the frequency domain with a Lorentzian line shape [13] .
In Kiel, a gas mixture with a backing pressure of 50 kPa was prepared which contained 1% Nmethylpyrrole in argon. The nozzle was placed near the center of one of the two mirrors forming the cavity which produced a m olecular beam propagating par allel to the cavity axis. The optim ization o f the t t /2-condition led to microwave pulses of 0.5 /xs duration with a power of 0.4 mW. The pulse-controlling elec tronic equipment at Kiel allowed for one microwave pulse per gas pulse. For the stronger transitions, 128 experiment cycles resulted in recordings with suffi cient signal-to-noise ratio. Up to 4096 cycles were required for a few of the weaker transitions in the Qbranch with J-values up to 7. The frequencies of nar rowly split transitions were determ ined by a program based on the fitting of the time domain signal [6] .
Results and Analysis
The measured frequencies for the quadrupole com ponents of the observed rotational transitions are listed in Table 1 . If the frequencies were measured in both laboratories, their arithmetic mean is given together with the difference between the values from Kiel and Zürich. Otherwise, the measured frequency is marked with a label indicating the laboratory from which it originated.
The frequencies of the rotational transitions in the A (m = 0) state of the internal rotation with a low sixfold barrier as in N-methylpyrrole match those of a rigid asymmetric rotor. The rotational constant A is replaced by an effective rotational constant Aeff which is given by the expression
where Ia is the moment of inertia of the whole molecule about the principal axis a which coincides with the internal rotation axis and Ia represents the moment of inertia of the methyl group, see [1] . Be cause the rotational transitions of exclusively the A state were remeasured the model of an asymmetric rotor with hyperfine splittings was sufficient for their analysis.
Rotational constants, centrifugal distortion con stants and quadrupole coupling constants were sim ul taneously determined from the measured frequencies in Table 1 in an iterative least-squares fit. The pro gram of Pickett [14] for an asymmetric top with hy perfine splittings was used which diagonalized the complete Hamiltonian matrix. The centrifugal distor tion constants were defined according to W atson's asymmetric reduction in the prolate Ir representation [15] . Because of the symmetry of N-methylpyrrole which exclusively allowed the observation of ß a -type transitions and because of the limited range of ob servable J-values up to 7 due to the strong cooling in the nozzle, only three centrifugal distortion con stants were determinable. The least-well determined constants A x and 6k were constrained to zero. The results o f the fit are given in the first column of Ta ble 2. Identical results were obtained in Kiel with the program HFS [ 16] for which the centrifugal distortion constants are defined according to the reduction given by van Eijck [17] .
Discussion and Conclusions
The quadrupole coupling constants of N-methylpyrrole given in Table 2 are compared to those of pyrrole [3] : Xaa = 1.45(2) MHz, Xbb = 1.21(2) MHz, Xcc = -2 .6 6 (2 ) MHz.
The com ponent Xcc perpendicular to the aromatic ring plane agrees reasonably between the two molecules. The other two components show larger deviations re flecting the different electron distribution originat ing in the attached hydrogen or methyl group. If the quadrupole coupling constants of Table 2 were transformed to the principal axis system o f the Nm ethylpyrrole-argon complex they were compatible with those measured for the complex [2] .
The mean residual deviation of a measured fre quency from that calculated with the constants of Table 2 amounts to 2.65 kHz which is compatible with the mean absolute difference of 1.52 kHz be tween the frequencies measured in Kiel and Zürich. M easurements taken in Kiel with two different spec trom eters covering about the same range of frequen cies [9] [10] [11] showed only a mean absolute difference of about 0.7 kHz. The mean absolute difference of the frequencies obtained in two laboratories provides a useful measure of the precision for the frequency measurements of rotational transitions with narrowly split multiplets. Individual fits of the frequencies m ea sured in Kiel or of those in Zürich are included in Table 2 for comparison. The rotational constants, the quadrupole coupling constants and the mean residual deviations agree very well among the three fits. How ever, the smaller data set of Zürich produced centrifu gal distortion constants which differ by more than the com bined standard deviations from the other two fits. 
